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1. GENERAL 


1 » 7CICE FFZQvZirCI INSERT iCr: LOSS :^SUREME:<TS on CARRIER CHANNELS 

2 - DRAWING OF TEST HYBRID TERMINALS 

3 - ECHO RETURN LOSS MEACURE:*!El’n:S ON CARRIER CHA^itlELS 

- SINGING PCIOT !4EASUREI-lErrrS ON CARRIER CHAN1IEI5 

5 - IDLE CHANNEL NOISE r^SUREMENTS ON CARRIER CHANNELS 

6 - IliFJLSE NOISE mSUPa^^TS ON CARRIER CHANNELS 

- FJLSE SIGNALriG MEASURUffiiTS ON CARRIER CHANNELS 
3 - CARRIER FREQUENCY INSERTION LOSS ON OPEN WIRE 

9 - CARRIER FREQUENCY INSERTION LOSS ON CABLE 


••l.i This section is intended to provide REA borrowers, consulting engineers, contractors, and other 

interested parties with technical information for use in making measurements on carrier multiplex 
equipment and on wire and cable at carrier frequencies. 

1.2 The measurement procedures described in paragraphs 3-7 apply to all types of carrier multiplex equip- 
ment whether it is to be used on wire plant or on radio. Repeating coils are used in voice frequency 

(vf) measur^ents to insxare balance, provide d.c. isolation and for impedance matching to eliminate the 
need for meter correction factors. 

1.3 This section is arranged in short paragraphs, each covering one or two types of measurements. After 
reviewing the section one time, it will not be necessary to later review the entire section for a 

particular type of measxiremeat . Instead, refer to the paragraph and figures dealing with that measurement 
only. 

l.U Paragraph 2 lists the instruments necessary to make the following measurements and some of their more 
important characteristics. The characteristics listed are based primarily on equipment that la 
currently available at a reasonable price. The characteristics should be gsared to the particular needs of 
an organiration, keeping the present and future requirements in mind. Some instruments are multipurpose in 
their use. For example, a noise measuring 8^ with flat weighting can also be used as a voice frequency 
voltmeter. The Instruments listed are not limited to carrier measurements, but may be used for voice 
frequency measuranenta and general maintenance also. Mew developments in both carrier and instruments may 
alter instrument requirements in the future. 

1.5 Paragraphs 3-6 give procedures for making voice frequency measurements on carrier channels. Voice 
frequency measurements of carrier channels are performed in much the same way as on any two-wire 
physical circuit at voice frequencies. Access to the carrier two-wire drop, seizure of the channel 
(signaling), and si^al level of the oscillator or noise generator become la^rtant factors in the measure- 
ments. After proper attention is given to these factors, the carrier channel can be treated as a two -wire 
physical vf circuit. , 

1.51 Voice frequency insertion loss and idle channel noise measurements are the most coaaaon measurements 
on carrier channels for initial alignment and maintenance. On toll connecting trunks, proper 
terminal Impedance and carrier hybrid balance are important. Measxirements relating to impedance and 
balance are called echo return loss and singing point and are normally measured from the toll center 
looking toward the end offices. However, on occasion, these measurements are made at points other than 
toll centers. Data transmission is expicted to be used extensively in the future and as a result Isnpulse 
noise measurements will become very important. 
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1.52 When making measurements oa carrier channels equipped .with loop dial signaling (one way), the 
method of seizure may vary somewhat. All that is necessary to seize the outgoing (originating) 

loop dial is to provide a d.c. path (repeating coils, etc.) across the carrier two-wire drop. To seize, 
a channel with incoming (terminating) loop dial, rely on the instructions of the carrier equipment 
manufacturer . 'Hie purpose of seizing incoming loop dial signaling is to provide reverse battery super- 
vision at the originating terminal and to remove (or shift) the signaling tone. For measurement purposes, 
reversing battery is not generally important; however, removing the signaling 'tone may be important, 
especially on noise meas’irements . 

1.53 Some instruments use a holding coil to seize outgoing loop dial and subscriber carrier equipment. 

Some of the new types of subscriber carrier are designed to be located next to the telephone set 

and deliver less current than conventional subscriber carrier. The resistance of the holding coil may 
not be low enough to seize these new types of subscriber carrier. In this sittiation a repeating coil 
must be used for seizing. 

1.6 Paragraph 7 indicates how to make pulse signaling measxurements on carrier channels. Pulsing is not 
generally considered a part of transmission. However, a carrier channel converts the d.c. pulsing 
into a.c. Signaling which is directly related to transmission. 

1 .1 Paragraphs 6 and 9 tell how to measure the physical wire and cable to which carrier may be applied. 
Insertion less measurements at carrier frequencies are very similar to those at voice frequencies. 

Losses at carrier frequencies are usually high, so a tuned voltmeter or frequency selective voltmeter is 
usually required to reject the unwanted signals. Crosstalk loss measurements as described in paragraph 9 
become important if more than one carrier system is planned on the same open wire route or in the same 
cable. 

1.3 Many of the measurements described in this section can be made using a procedure called loop around 
testing. This eliminates the necessity for having a second man at a remote office to send tones or 
provide terminations. Loop around testing reduces the number of measurement personnel required and in turn 
reduces operating expenses. 

1.61 To provide for loop around testing, the office must be equipped with a special test set that is 

assigned two test numbers. Upon dialing one nuaiber, a tone (or tones in sequence) is sent back at 
a level of zero dbm (unless otherwise specified). The other test number is assigned to a balance (or quiet 
termination (i.e., 900 ofcims in aeries with 2 mfd.). A third type of test can be made by simultaneously 
dialling the two test numbers on separate lines; this connects the two connector terminals together in the 
central office and provides a loop back to the calling end. The calling end may be at a subscriber location 
or another central oi'flce. 

1.82 Using the above method to dial a balance termination, one man can make idle channel noise, echo 
retiirn loss, and singing point measurements at the dialing end of the system. 

1.63 By dealing the number for the test tone, the carrier channel net loss can be determined in one 

direction. Follow the instructions of the manufacturer of the loop around test equipment for more 

detailed instructions, 

2. IMPORTAOT Mim-SM CHARACTERISTICS CF TEST EQUIBIENT FOR MAKIIIG CARRIER MUITIPUEX MEASUREMENTS 

2.01 ■ Oscillator 

(a) Output Inpedance: 60O ohms i 54 ' 

(b) Output Levels variable to +10 dbm maximum 

(c) Frequency Range: 10 Hz to 500 kHz 

(d) Frequency Accuracy: + 24 of dial 

(e) Distortion: 14 maxiimin, tinder any load condition* 

(f) Stability of frequency and level 

(g) Suggested Method of Powering: rechargeable battery 

2.02 A.C, Voltmeter 

(a) Input Impedance: at least 20,000 ohms 

(b) Frequency Range: 10 Hz to 500 kHz 

(c) Measuring Level: 0.001 to 3OO volts, full scale 

(d) Measuring Accuracy: + 34 maximum error 

(e) Calibrated; in volts and dbm in terms of 6OO ohms* 

{t) Suggest Method of Powering: rechargeable battery 
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2.03 Frequency Selective Voltmeter (FS'^^^-t) 

(a) Input Impedance: -at least 5000 ohms ^ ^ <, \ 

(h,) Frequency Range; 10 idiz to 5OC kHz (determined primarily by frequencies of carrier system;^ 

(c) Frequency Accuracy: + 3 i^Hz 

(d) Measuring Level: ■♦•20 dbm to -60 dbm, full scale 

(e) Measuring Accuracy: i 1 db 

(f j Suggest Method of Pcr^'erina^: rechargeable battery 
2. Oh Noise Measuring Set (NMS) 

(a) Weighting: C-Message (plus others as required for other applications) 

(b) Measuring Level: 0 to 90 dbrnc 

(c) Measuring Accuracy: j: 1 db 

(d) Functions: Noise to Ground 

Noise Metallic, 60O ohms teminated 
Noise Metallic, 9OC ohms terminated 
Noise Metallic (6OO and/cr 900 ohms), Bridging 
'e'' Incut Imtedar.ce: Noise to Irtund: T to R = 10,000 orjns 

. * 7 R to Ground * 100,000 ohms 

Noise Metallic, 600 ohms - cCO ohms’ 

Noise Metallic, 9^50 ohms = 9^^ ohms 

Noise Metallic, Bridging » At least 5000 ohms 

2.05 Noise Generator (NG) 

'a) Generates randcm noise throughout the vf spectrum 

(b) Output Impedance: 60C ohms 

i'c) Output Level: variable to *-10 dbm maximum 

(d) Weighting; ^55 3 (plus others as required for other applications) 

2.06 Singing Point Test Set (SECS) 

(a) The SETS consists of an amplifier, attenuator, low-pass filter, high pass filter, and poling switch. 

(b) The amplifier and attenuator are arranged as a variable gain amplifier. The amplifier shoiud have 

• at least hO db gain at 1000 Hz. ^ ^ 

(c) The response of the SETS vith filters should be equivalent to the Northeast Electronics Corporation 
rrS 12A*or -6 db at 3OO and 3^0 Hz, relative to 1000 Hz. 

2.07 Impulse Noise Counter (See paragraph 6) 

2.03 Pulsing Test Set 

(a) ?-{u3t generate and measure pulses over a range of at least 8 to 12 pulses per second (pps) and at 

least 2'"^^ bo 70^ break. 

(N Mus^adapt types of signaling the user is likely to encounter, especially E & M and loop Dial. 

2.09 Carrier Frequency Repeating Coil (cf coil) 

(a) Impedance Ratios (ohms): 600;600 (or 135il35), 600:135 

(b) Insertion Loss: approximately 0.2 db 

(c) Must have good balance if used with unbalanced equipment 
Examples: Lynch 2624, Lynch 2692, Hewlett-Packard AC-60A 

2.10 Voice Frequency Repeating Coil (vf coil) 

(a) Impedance Ratios (ohms): 600:600, 600:900 

(b) Insertion Loss: approximately 0.5 db 

(c) J4ast have good balance if used with unbalanced equipment 

Example; Altec 15192 line transformer. Other suitable vf repeating coils for making measur^eats are 

Western Electric 120H (600:600 ohms), Western Electric 120J (600:900 ohms), Autcaaatic Electric 1200H 
(600:600 ohms) and Automatic Electric 1200Jr (600:900 ohms). However, these do not have both Impedance 
ratios in the same coil. 

2.11 Test Hybrid 

(a) Impedance Ratio; 600:900 ohms or 600;600 ohms 

(b) Balance; At least 45 db, line vs, network 

(c) Insertion Loss: 3-5 to 4 db (two-wire to four-wire) 
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(d) Must withstand 120 ma. d.c. out -of -balance current without upsetting the balance, if it is used to 
seize the circuit, 

2.12 Terminations: 600 ohm + 1 ^ resistor* 

900 ohm + Ifj resistor 

110 (or 135) ohm > resistor* 

2.0 mfd. ♦ 5 ^ capacitor 

^Resistors must be noniaductive if used for carrier frequency measurements. 

3. HCW TO HAKE VOICE FEEQUEMCY IMSERTIOI LOSS MEASCRmSiTS OSSf CARRIER CmiSHEIS 

3.1 General 

3.11 Voice frequency insertion loss measurements of carrier channels are performed in much the same way 
as insertion loss on any two-wire physical circuit at voice frequencies. 

5.2 Access 

3.21 Access bouh ends of the carrier equipment at the two-wire drop so that the central office equipment 
is ilsccnnecced at this point. Test jacks itay be available for this purpose. 

3.3 Seizing the Channel 

3-31 The carrier channel must be seized (at both ends) in Its normal manner to place the channel in a 
normal operating (talking) condition. The method of seizure will depend on the type of signaling 
employed. Seizure of the channel will remove the signaling tone or shift it to another frequency. 

Lil- seize a channel with E 3 c M signaling, simply apply -U3 volts d.c. (fused) to each 
terminal "M" lead, 

3.33 Outgoing Loon Dial : The vf repeating coils used in the measurements provide a d.c. path to seize 
the channel. 


Incoming Loop Dial : See paragraph 1 . 52 . 

3.35 Subscriber Carrier : On the subscriber end, the vf repeating coil provides a d.c. path to seize 
thac endi There is no seizure technique for the CO terminal. 

3.^ Measurement 


3.^1 Calibrate the oscillator for the carrier manufacturer's recommended test tone level (generally zero 
dbm) as shown in Figure lA. This calibration includes the loss of the vf repeating coils at the 
sending and receiving ends (approximately 0.5 db per coil 300 Hz and up). 


3.-2 Connect the oscillator (through one '.-f coil) to the carrier drop at one terminal end as shown in 
Figure IB. Also connect the voltmeter to the receiving (distant) end as shown. 


3-43 Record the sending level of the oscillator and the receiving level on the voltmeter. The insertion 
loss is the difference of the two levels. 


Example 1. Oscillator is calibrated for a sending level of 0 dbm. The voltmeter is receii^ng -3.8 dbm. 

The difference of the two readings is: 0 - (-3 *.8) ® 3.8 dbj thus» the insertion loss is 3.8 db . 

3.44 VF Insertion loss measurements should be made at 1000 Hz and. at various other frequencies throughout 
the voice range. If the carrier has Ihband Signaling , (i.e.« 2600 Hz) the frequency response cannot 

be accurately determined without using special techniques. Using single tones to su&ke frequency response 
measxireaents will show a severe slot in the response around the signaling frequency (l.e.| 2600 Hz). In an 
actual talking condition, this slot is not present due to guard cirtnilts in the signaling units. This is 
generally a laboratory measurement not usually perfoimed In the field. 

3.45 If the carrier Is equipped with cooq)andor a or other noise reducing devices, the manufacturer may 
reccaoiend special techniques for measuring frequency response to avoid erroneous readlugs. 

Example 2. A carrier manufacturer claims a frequency response of •►I db to -3 db firoa 250 Hz to 3200 Hz 
relative to 1000 Hz. Enough frequencies should be measured to verify this; also, there should be no gain 
peaks in excess of 1.0 db (relative to 1000 Hz) at any frequency tq conply with REA specifications. 
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3.5 Terminal Impedance 

3.51 In the preceding measiirements it has been assumed that the drop impedance of the' carrier is 9^0 ohms. 
This is the case in the majority of REA-financed systems (toll connecting trunk® at Class 5 office; 

EAS trunks; and subscriber carrier). However, in some cases the carrier drop impedance- may be 6OO ohms (toll 
connecting trunks at Class 4 office). 

3.52 If one terminal is 9C0 ohms and the other is 6OO ohms, the calibration shoiUd still be made as shewn 
in Figure lA. The measurement is now performed as shown in Figure 1C. The calibration and measure- 
ment performed in this manner assumes that the 600:600 ohm ratio coil has the same insertion loss as the 
600:900 ohm ratio coil. Using the Altec 15192 Line Transformer (vf coil), or -equivalent, the loss is the 
same using either iji^-edance ratio. 

4. HOW TO MAKS ECHO RETUSIT LOSS AUD SINGIHG POIOT MSASUBEMENTS ON CAHRISR CHANHELS 

4.1 General 

4.11 Ecnc Return Loss (EHL) and Singing Point (SP) measurements are made from the toll center (Class h 
office ) on tell connecting trunks terminating at the end office (Class 5)» This would indicate tnat 

tne measurements wculd always be made at a 600 ohm office. However, where carrier equipment is used to make 
up only part cf the toll connecting trunk, both ends of it may have 9^^0 ohm terminals. To insure that 
carrier equipment in this application does not degrade the overall toll connecting trunk, ERL and SP measure- 
ments are sometimes made on 9^0 ohm equipment. 

4.12 The following procedure gives the method for measuring ERL and SP of the carrier terminal only; it 
nay be necessary to fellow a similar procedure to include the central office equipment. 

4.2 Access 

4.21 Access both ends of the carrier equipment at the two-wire drop so that the central office equipment 
is disconnected at this point. 

4.3 Seizing the Channel 

4.31 The carrier channel must be seized at both ends to place the channel in a normal operating (talking) 
condition. The method of seizure will depend on the type of signaling employed. Seizure of the 

channel will remove the signaling tone or shift it to another frequency. 

4.32 E He M: To seize a channel with E & M signaling, simply apply -48 volts d.c. (fused) to each terminal 
‘*M'^Tead. It is almcst assured that E 3c M signaling will be used at the toll center on toll connecting 

trunks, However, in some cases, the toll connecting carrier may use loop dial signaling. 

4.33 Outgoing Loop Dial ; The hybrid used in making ERL and SP measurements must (l) have a d.c. path at 
the line terminals to seize the channel and (2) not become unbalanced (line vs. network) when this 

d.c. current flows in the line side of the hybrid. When the outgoing loop dial end is to be terminated 
rac-aer than measured, place a repeating coil in tandem with the termination^ or place a high impedance 
holding coil (i.e., central office battery feed relay) in parallel with the termination. 

4.34 Incomitig Loop Dial : See paragraph 1.52. 

4.4 ERL Measurement 

4.41 Preliminary Calibration : When making ERL measurements , the signal level at the carrier two-wire drop 
should be approximately equal to the manufacturer's recommended test tone level. Zero dbu is approxi- 
mately equal to 90 dbrnc of noise. The average coll hybrid exhibits about 7 db loss from the oscillator 
terminals to the voltmeter terminals. Therefore, for zero dbm at the carrier terminals the noise generator 
should be set for approximately +4 dbm output (455B weighted). As shown In Figure 3A» this will be approxi- 
mately +0,5 dbm at the line terminals of the hybrid. 

ERL Reference : In making ERL measurements, the first measurement la a reference. This takes into 
account the loss of the test hybrid. When making many ERL measurements, the reference is taken 
initially and checked from time to time. It is not aecessary to take a reference for each EHL measurement . 

4.43 Referring to Figure 3B, record the reading on the noise measuring 8et*T®5) (6OO ohm C-Messsge 

weighted) with the hybrid line terniinals open and again with the line terminals shorted. The average 
of the two readings- is the reference.. • 
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Exanule 1. VJith the line terminals open, the !IMS reads 88 dbrnc and shorted reads 86 dbrnc* The reference 
is: SB 36 » 3? dbrnc. 

2 


4.1(4 EPL .Msasure; Connect the test hybrid line terminals to the carrier two-wire te^nals at -he toll 
center (Figure 3C). Terminate the distant office with 900 ohms in series with 2 nfd. Record the 

reading cn the MS. The reference (paragraph ^.43) minus this reading is the ERL in db. , 


Example 2. Suppose the HMS reading ERL measured in paragraph 4.44 was 59 dbrnc. With the reference of 

87 dbrnc used in Exasaple 1, ERL * 87 *- 59 = 28 db . 


k. 3 SP Meas\ire3nent 

4.51 Test Hybrid Loss: To make SP measurements, it is first necessary to determine the loss of the test 

hybrid*. Apply 1000 Hz at zero dbm or other convenient level at the hybrid oscillator tenainals 
(Flr»ire i^A). With" the line terminals open, record the difference betveen the applied signal level and the 
reading on rhe voizaeter; again record T:he difference with the line terminals shorted. The average oi tne 
two readings is considered to be the hybrid loss. 

4.52 3?rS Calibrate: Set gain dials on singing point test set (SPTS) to zero. Apply 1000 Hz at zero dbm 
to input cf sros (Figure 4 b). Adjust the calibration adjustment for zero dbm on the voltmeter. The 

SPTS should contain low pass and high pass filters. If not, an external filter must be applied as shown in 
Figure 4C. In either case, the loss of the filter (s) 'is included in the calibration. 

l. 53 SP Measure: Connect the SPTS to the test hybrid oscillator and voltmeter terminals as shown in 

Figure Monitor the SPTS (at the monitor Jack) with headphones. 

I.5I Increase SPTS gain in 10 db steps until singing occurs. Reduce the gain by 10 db and increase the 
gain in 1 db steps. Record the" gain setting at the lowest point that sustained singing occurs. 

1.55 Reverse the poling switch and repeat procedure in paragraph 1.5^. 

4.56 Singing Point : Take the lower of the two readings recorded in paragraphs 4.5^ 4.55 «-nd subtract 

the hybrid loss measured in paragraph 4.51. This value is the singing point (SP). 

Example 3- Suppose the hybrid loss measured in paragraph 4.51 ’^'as 6.8 db Qpen and 7.2 db shorted; the 
average hybrid loss is 7.0 db. Assume that the SP measured in paragraph 4.54 and 4.55 was 25 db and 27.db. 
The resultant SP is 25 (lower of two) - 7 * iS db . 

4.57 Alternate Method of Measuring SP : If the SPTS has enough gain to overcome the hybrid loss, it is more 

convenient to include this in the calibration. In doing this, the hybrid loss does not have to be 

subtracted for each measurement. 

Example 4. The hybrid loss is 7 db. The oscillator is set for -7 dbn at 1000 Hz and applied to the SPTS 
(Figure 4B and 4c). With the gain dials set at zero, adjust the calibrate adjustment for zero dbm cn the 
voltmeter. If the readings taken in paragraph 4.54 and 4.55 are I 8 and 20 db, the SP would be I 8 ^ 

(hybrid loss is accounted for in calibration). 

4.58 Either method of measuring SP should yield identical results. 

5 . HOW TO MAKE IDLE CHAMREL NOISE MEASUREMENTS ON CAi®IER CHAHHEIS 

5;.l ' -General 

5.11 Idle channel noise measurements are relatively simple to make. Access to the carrier channel « seizure 
of the channel (signaling h and proper adjustment of the recorded data are the items that require 
attention. The noise measuring set (NMS) should have C-message wei^ting. 

, . 5.2 , : Access 

5.21 At the measuring end, the carrier channel may be accessed at either the carrier two-wire drop 

(Figure 5A) or the carrier demodulator (Figure 5B). With proper adjustment of data (hecause of the 
difference of levels), measurements should yield the same results at both points. At the distant end, the ' 
channel should be accessed at the t¥o.^vire drop and terminated in 900 ofansC or 6 OO ohms at toll center) in 
series with 2 mfd. Make sure the central office eqtdpment is disconnected at both ends. 
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5.3 Seizing the Channel 

5.31 'I^he carrier channel must be seized (at both ends) in its normal manner, to place the channel in a 
normal operating (talking) condition. The method of seizure will depend on the type of signaling- 

employed. Seizure of the channel will remove the signaling tone or shift it to another frequency. 

5.32 E Ss M: To seize a channel with E & M signaling, simply apply -48 volts d.c. (fused) to each terminal 
’Yn^ead. 

5*33 Outgoing loop Dial : If the MS has an internal holding coil (northeast Electronics Corporation 

switch the holding coil OT to seize the end with outgoing loop dial. If 
the HMS does not have an internal holding coil (Western Electric 3A,- etc.), place a vf repeating coil in 
tandem with the MS (Figure 2C). When the data is adjusted, the loss of the repeating coil should be 
added to the noise reading. When the outgoing loop dial end is to be terminated rather than measured, 
place a repeating coil in tandem with the termination or emit the 2 mfd blocking capacitor to seize that end. 
In the latter case, the resistor must be a "power” type to dissipate the heat developed. 

5.34 Incoming Loop Dial : See paragraph 1.52. 

5.35 ZMboC Tiber Carrier : On the subscriber end, use the technique described in paragraph 5-33 to seize 
zhat end. There is no seizure Technique required for the CO terminal; access the t-wo-wire drop as 

explained in paragraph 5.21. 

5.4 Measurement 

5.41 If the MS has a calibration adjustment, calibrate as indicated. Set the TIMS for 900 ohms (or 
600 ohms at toil center or if measured at carrier demodulator), Noise Metallic (J^)> C-message 

weighted. 

5.42 Measui'e the Idle channel noise on each channel as shown in Figures 5A, 5B, or 5C as necessary and 
record data in dbrnc. 

5.5 Data Adjustment 

5.51 The data x-ecorded in paragraph 5*42 (although it is valid data) has no real meaning until it is 

properly adjusted. Requirements for noise on a carrier channel are specified with reference to the 
sending end or a zero transmission level point. The noise is specified in terms of dbrnc-0, with the^ 0 
being referenced to the sending end or zero transmission level point. If the channel is aligned for jC db 
net loss, and the noise is read at the two-wire drop, X db must be added to the reading obtained in 
paragraph 5.42 to get dbrnc -0. However, if the noise were read at the carrier demodulator (Figure 5B), 
this is likely to be 7 db higher {-^7 poinG) than the sending end. In this case, 7 db must be subtracted 
from the dbrnc reading to obtain dbrnc - 0 . 

Example 1. The noise measured at the two-wire drop terminals of a carrier channel is I 8 dbrnc (paragraph 
5.42). The circuit is aligned for 'j.O db loss from drop to drop. The noise is I 8 + 3 = 21 dbrnc -0 . 

Example 2 . The same channel as in Example 1 was measured at the carrier demodulator and a reading of 28 
dbrnc was obtained. This point is 7-0 db higher than the distant sending end, so the resultant noise is 
28 - 7 » 21 dbrnc -0 . This is identical with the adjusted noise of Example 1. 

6 . HOW TO MAKE G-IPUIEE NOISE MEASUREHENTS ON CARRIER CHANNELS 

6 . 1 General 

6.11 Impulse noise measurements are different frcoi idle channel noise in that the instrument will not 
read continuous steady state noise. Instead, the impulse noise meter counts the number of transi-ent 

high amplitude waves that exceed certain given values. Impulse noise criteria are becoming important 
factors in telephony as data is expected to be transmitted extensively in the future. 

6.12 Because of the limited supply of instruments at this time to measxire impulse noise, this procedure 
is written for the Northeast Electronics Corporation ITS 58A Impulse Noise Counter or equivalent. 

As other instruments become available, adjust the procedure to comply to the particular instrument used. 

6.2 Access 

6 21 At the measuring end, the carrier channel may be accessed at either the carrier two-wire drop 

(Figure 6 a) or the carrier demoduUtor (Figure 6 b). With proper adjustment of the Impulse nolse^ 
coimter (because of difference of levels), measurements should yield the same results at both points. At 
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“hr distant end, the channel should be accessed at the two-wire drop and terminated in 900 ohms (or 6OO 
ohms at toll center) in series with 2 mfi. V&ke sure the central office equipment is disconnected at both 
ends . 

6.3 Seising the Channel 

6.31 The carrier, channel must be seized (at both ends) in its normal manner to place the channel in a 
ncraai operating (talking) ccnditicn. The method of seizure will depend on the type 01 signaling 

crxloyed. ceircre ci the channel will remove the signaling- tone or shift it to another frequency. 

6.32 Z Sc Ut To seize a channel with E & M signaling, sia^ly apply -48 volts d.c. (fused) to each terminal 
^^HTead. 

6.33 Outgoing Loop Dial ; With the impulse noise counter on the two-wire drop, switch the holding coil 

0;J tc seize ".he end with outgoing loop dial. When the outgoing loop dial end is to be teminated 

rather than measured, place a repeating coil in tandem with the termination or omit the* 2 mfd blocking 
capaci'or tc seize ".nac end. In the latter case, the resistor must be a "pcwer^ tj'pe to dissipate the heat 
zeveluLcd. 

'•^•3- In ' -minw Dial : See paragraph 1.52. • 

o.‘5 CuLscriber Carrier ; On the subscriber end, use the technique described in paragraph 6.33 to seize 

:;iat end. TherTTs no seizure technique for the CO terminal. 

6.4 Brief Description of ITS 56A 

A- the ten of the instrument there is a BATTERY TEST, MONITOR jack, and three terminals to connect a 
special e:cternai filter. 

6.42 First Rc-w ; There is a HOLD coil for seizing outgoing loop dial and subscriber carrier. Next is the 
input BRIDGING (external termination) or TERMINATING switch. Ust is the POWER ON and OFF switch. 

6.43 Second Row : First is the filter selection switchj this is usually set for VOICE weighting. Second 
is the MAIN REFERENCE LEVEL selector that is common to all three counters. Third is the input im- 
pedance selector which is usually 9OO ohms for all cases except at toll centers and special purpose 
applications. 

Third Row : This is the TBS selector and is generally set for 30 minutes. 

6.45 Fourth Rew : These are the A, 3, and C REFERENCE LEVEL selectors for each of the three counters. This 
will be discussed in paragraph 6.43 below. 

Fifth Row : The counters indicate the number of inq?\ilsea or transient waves that exceed the reference 
level. The counters are set to zero by pressing down on the small levers at the bottom of each 
counter. 

6.47 At the bottom there is a jack for powering the instrument from the 48-volt COE battery (there are also 
self contained batteries). Second is a jack for a dial or telephone. There is a choice of a 310 jack 

or binding posts to connect the instrument to the line or carrier drop . 

6.48 Reference Level ; The MAIN REFERENCE LEVEL varies the sensitivity of all counters In 10 db steps (O 
to 70 db). Each counter can be individually adjusted in 2 db steps to a desired level of 0 to 20 db 

greater than the MAIN REFERENCE LEVEL. These are usually set at various levels called LO (A), MID (B), and 
HI (C). The A counter will count all Is^ulses exceeding the reference level it Is set for (addition of MAIN 
and A REFERENCE dials),, but not exceeding the B counter setting. The B counter will count all Impulses 
above its setting, but not exceeding the C setting. The C counter will count all impulses above its setting. 

6.5 Measurement 

1 duriog the busy hour . 

'here data is adjusted after the measurements are taken, the 
Or Zero' test point level (0 TPL) before measurements. If 
rop, the REFERENCE LEVEL dials are reduced by the smount of 
The 1700 Hz loss may be detennined as the average loss 
e is measured at the demod of the carrier channel, set the 
mpulse noise requirements (assuming the demod level is 7 db 
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6.53 The noise is measured in terms of X coijnts in Y minutes above Z reference level (at 0 TPL)* 

of the most conmon objectives at this time is for toll connecting -truniis. For non-compandored 
trunks, one objective is no more than 90 counts in 30 minutes during the busy hour above 56 dbrn-0 refer- 
ence level, voice weighted. ‘ For compandored trunkSg an objective is no more than 90 counts in 30 minutes 
during the busy hour above UU dbm-0 reference level, voice weighted. 

6.54 The TTS 5BA has 3 counters. These can be set at the objective and also several db above and beionf 
the objective to get a "range” of the impulse noise. To measure impulse noise, ccnr4ect the line 

terminals of the counter to the . carrier two-wire drop, select the weighting (generally VOICE), select the 
TIME (generally 30 minutes), set. the counters to 0 and the counter is set. (Figure 6 a) 

Example 1, A compandored tx-unk is aligned for 3-0 db net loss (and is also 3*0 db at 1700 and 2300 Hz) and 
is being checked to see if it meets impulse noise objectives, the objectives are no bsore than 90 counts 
in 30 minutes during the busy hour above 44 dbrn-O, voice weighted. This would make the reference level 
44-3 (net loss) = 41 db. The MAIN REFERENCE LEVEL is set for 30 and B is set for 10 (30 10 « 40 which 

is just below the 4i required). To check the impulses 6 db above and below the requirement , A is set for 

4 (34) and C for I6 (46). The filter is set for VOICE weighting, time for 30 minutes and (last) the counters 
are set for 0. After 30 minutes, A = 43l, B = I30, and C = 74. This means that there were 130 + 74 (3 + C) « 

204 counts that exceeded the Lh dbrn-0 (actually 43) level objective. This circuit will not meet the 

specified data objectives. 

7. HOW TO MAKE HJLSE SIGNALING MEASUREMEirrS ON CARRIER CKANIIELS 

7.1 General 

7.11 Some trunk carrier terminals are equipped with E & M signaling at both ends or loop dial signaling at 
both ends. Other terminals are equipped' with E & M at one end and loop dial at the other. 

M : Carrier terminals employing £ 2c M signaling at both enas are generally two-way trunks and 
usually must be checked in both directions. 

7.13 Loop Dial: If both carrier terminals have loop dial signaling, one end is outgoing loop dial 

endT and the other is incoming loop dial (receiving end} for signaling in one direction only. Two-way 
loop dial signaling is not usually found on carrier trunks. 

7.14 E & M and Loop Dial : This combination consists of outgoing loop dial signaling at one end and E & M 
signaling at the receiving end. This restricts signaling to one direction only. 

7.15 Subscriber Carrier: Subscriber carrier can only be dialed one way: from the subscriber ter^nal to 
the CO terminal. In checking pulsing, it is the same as one-way loop dial signaling on trunks. 


7.2 Access 

7.21 E & M: At the sending end, access the carrier "M" lead and at the receiving end, access the carrier 
Tead . These points must be disconnected from the COE. 

7*22 Loop-Dial and Subscriber Carrier: Access the two-wire drop for sending and receiving pulses. 


7.3 Measurement 

7.31 The pulsing test set siuBt be capable of generating and receiving pulses over a range of 8 to 12 pj^ 
and at least 30 to 70 percent break. The test set should he equiOTed to measure both E St M wd loop 

dial signaling. The received pulses must be read across "dry" contacts (no spark suppressors, ** 

slave relay must be used. The slave relay is a low imped&nce, fast switching relay and is usually oui 
into test sets adapted to loop types of signsd-ing, Including subscriber carrier channels. 

7.32 E M Send; With the test set adjusted for E & M signaling (toward line), calibrate and send ^ 
pJ5cent'b?eak at 10 pps on the "M" lead as shown in Figure TA. Also send 

speeds as required by the carrier multiplex specification. Where inband signaling is used, special attention 
should be given to the pulsing limits of the signaling units under test. 

7.33 Loop Dial and Subscriber Carrier-Send ; With the test set adjusted for 

^ ^ break at 10 pps and apply to two-wire drop under rb) 

(1) direct from the pulser (Figure TB); (2) through loop (Figure 7C)i and (3) through A leak (Figure 7D). 
Loop and "A" leak are described below . 
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T.U E & M Receive: Adjust the test set for E & M signaling (toward line). With an off hook 
distant '"eS;^alihrate the test set (Figure 7E). With pulses sent fr® .he distant 
received percent break. Where inband signaling is used, special attention should be given to the pulsing 

limits of the siemling units under test. 

7.35 Loon Dial and Subscriber Carrier Receive : Adjust the test set for loop sibling. * 

iiist be used for loop dial and my be required for subscriber carrier. With an off -hook at 
distantIHd, calibrate the teat set (Figure 7A). With pulses sent from the distant end, read the received 

percent break. 


7A 

7M 


Loon and Leak Tests as Applied to Loop Dial Signaling * 


The loop network (Figure 7G) represents the longest 
likely to encounter. For loop dial signaling, this 


loop resistance that the carrier signaling is 
is 1900 ohms; for subscriber carrier, it is the 


aanufacturer’s specified loop resistance limit. 

7.^*2 The leak network (Figure 7H) represents 10 ringers bridged on a zero loop with high leakage. 


7 43 Loop ani ”A'* leak zeazs are cc test tr.e carrier signaling under limiting conditions. 

at 60 percent break at 10 pps through the loop and "A" leak networks with zero loop must be receive^ 
within the range cf 30 tc 70 percent break. 

S. Ha; TO MAKE i:fSEl?TION LOSS NEAGUREl-iELTS AT CARBIER FREQUENCIES • 


6.1 Insertion Loss of Open Wire / 

6.11 Before making insertion loss measurements, it is a good practice to connect the Frequency Selective 
Voltmeter (FSV14) to the open wire line and sweep the frequency range of interest. This is to deter- 
mine if there are any “foreign'* signals that may interfere with the measurements and, later, the carrier 
system tc be used. Any signals stronger than -6C dbm should be recorded. It is also a good practice to 
monitor the FSVM with headphones to determine the nature of the interfering signals. 

8.12 The oscillator should be calibrated for zero dbm or other convenient level as shown in Figure 8A; 
this calibration includes the loss of the coils at the sending and receiving ends (approximately 

0.2 db per coil). The repeating coil ratio for open wire is 600:600 ohms. 

6.15 Connect the oscillator (through one cf coil) to the open wire line as shown in Figure 8B. Also 
connect the FSVM on the receiving (distant) end as shown. 

S.li* Record the sending level of the oscillator and the receiving level on the FSVM. The insertion loss 
is the difference of the two levels. 

Example 1. Oscillator is calibrated for a sending level of +10 dbm. The FSVM is receiving dbm. The 
difference of the two readings is; +10 - (-14) = 24 db; thus, the insertion loss is 24 db . 

8. it This process should be repeated for a number of frequencies throughout the range of interest. 

Example 2. If the carrier is to be applied to the line at 'frequencies from 40 kHz to I80 kHz, a good check 
of the line would be to measure the insertion loss at 40 kHz, ^ kHz, 80 kHz, etc., through at least 200 kHz. 

8.16 In measuring open wire lines, especially note the presence of absorption peaks so those frequencies 
may be avoided in applying carrier. 

8.17 The above procedure has assumed that only open wire is used and that there Is little or no entrance 
cable involved. A more practical situation would Involve entrance cable and open wire. A good rule 

of is to Impedance match the cable-open wire Junction if there is more than 30 fsist of entrance cable. 

The iz^edance matching device may be a carrier frequency repeating coll for measuring purposes; however, on 
carrier systems this Is usually an autoformer that matches both voice and carrier frequencies at the Junction 
and provides a d.c. path to subscribers on the physical circuit. It is desirable that the type of impedance 
matching device th&z will be used on the installed system also be used when making the insertion loss 
measurements. ' 

.8.18 The oscillator may be calibrated as shown in Figuhe 8A or Figure 9A {whichever is more convenient) 
and measured as shown in Figure 8C. 

8.2 Insertion Loss of Cable 
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8.21 Because cable is shielded^ it is less susceptible to "foreign” signals. In 

. leads have unshielded RDW and open wire taps at the ends of . the cable pairs, The|£^,^lan^^ 
wire taps can be on pairs other than those to be used for 

the' ' shielded"c^i^p^T^ f or ' carrier" Because of the hi^ low ^ (conspared to 

it may possibly be necessary to connect a FSVM and sweep the frequency range of interest not on y ^ 
central office, but also at junctions or at the end of the pair where adjacent circuits have unshielded 
pairs. 

8.22 The- osciilauor should be calibrated as shown in Figure 9A and measured as shown in 

only significant change ip measuring cable as coarpared to open wire is the character s c i^ 
The repeating coils are now set at 600:135 ohm ratio. Cable will not exhibit absorption peaks in the 
carrier frequency range., 

9. HW TO MAKE CARRIEE FKEQUE3JICI CROSSTALK LOSS IffiASUEEMBlITS OIT OPEN WIRE AND CABLE 
9.1 General 


".11 This procedure for measuring crosstalk loss is based on the assumption that there is an open *iire 
or cable system already Installed and in use, and the time has come that _ two 
are needed on one route. The procedure deals with measuring far-end equal-level cross a ^ 
pairs; tnis is generally the ccntroiling factor in applying carrier channels of the same irequency t 
separate pairs on the same route. • 

It is assumed that the pairs measured meet insertion loss requirements and that crosstalk loss is 

the only concern. 


9.12 


9.2 Selection of Pairs 

9.21 There are two major factors that affect crosstalk. These are similarity and sedation. For two 
given pairs, the more the pairs are separated and the more dissimilar twist lengt s an 
geometry of layup, the better (higher) the crosstalk loss. 


9.22 


Selecting open wire pairs should not be difficult. On a 10-pin crossarm, 
pins 1-2 . pa ' ir" ' Trp lPa 3-1^ = pair 2, etc. In R-l, EEA-1, and other transposition 
5-6, and 9-10 are stmilarily transposed and also is similar to 7-8. The hest pair co^inations 
aoply two systems of carrier under these circumstances would be 1-2 and 7**o or 3“ ^ 7 “ • 


9.23 


Crosstalk is less of a proolem on cable . There should be many pair combinations t^t have 
crosstalk loss characteristics. This is because cable is made in layers, cable 

have various twist lengths. However, when carrier is used on cable, it is often applied to 
which may not meet present cable crosstalk loss requirements . 

9 . 2 U Carrier manufacturers often need to be assured that certain 

guarantee performance of their systems. CrosstaUt data is also used to determine if ccmpandors 

are needed with the carrier. 

9.3 Crosstalk Loss Measiixements on Open Wire 

9.31 After selecting the open wire pairs to be measured, disconnect aU e^i^ent, Ups, 

frL both pairs for tie entire length that the tvo systems will parallel each other. There Is no 

need to disturb the other pairs on the llnew 


o ^2 Set the oscillator for a level of from 0 to +20 dbm (no exact calibration n«c****^) ■ ‘ 

fr«qa«cy voltmeter (FSVM) to the dirtortln* phlr ^ ^otd the ^^-SdM^-leeel 

connect the FSVM to the disturbed pair (Figure lOB) and again record the reading. Th e 
crosstalk loss is the difference of the two readings. 


At th® distant end, the 
- 55.7 dbm. The far-end 


Example 1. The oscillator was set for approximately +10 dbm and 
FSVM (connected to pair A) is tuned and reads - 9.3 dbm. On pair B, the FSVM reads 
equal-level crosstalk loss is -9*3 - (-55*7) * ho.h db. 

9.33 The crosstalk loss should be measured at as »a^ frequencies “ "f «^^°„J“'^LTan^herSS“ 

problaas. If the first pair combination checked does not meet the requiremen , 

combination. 

9,h Crosstalk Loss Measurements on Cable 

9 .U 1 Crosstalk loss measurements on cable are different from those on open iilre in several respects. 
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9A2 Because of^^the high insertion' losses on cable pairs, the aeasurements are taken in "sections." 

A section" may be* the distance ber^een repeaters or any other convenient length short enough to 
obtain valid measurements, 

9.^3 Both insertion losses and crosstalk losses (as a function of frequency) are far more predictable on 
^ cable than on open wire. Therefore, crosstalk loss is generally measured at only one frequency. 
iREA crosstalk loss requirements are specified at I50 kHz.) 

Tncugh the measuring length is not generally specified, crosstalk loss requirements are usually 
specified for a given length. This correction factor for length is discussed later. 

9. ^5 After selecting the cable pairs to be measured, disconnect all equipment*, taps, drops, etc., from 
both pairs for the entire measuring length. There is no need to disturb the other pairs that are 
in service. The pairs that are neither in service nor to be measured maybe left "floating," or may be 
bunched and grounded at one end only . 

9. ^6 Set the oscillator for the required frequency and at a level of from 0 to +20 dbm (no exact cali- 
bration necessary). Connect the oscillator to the disturbing pair as shown in Figure llA. At tr.e 
distant end. connect the FSVM to ^he disturbing pair and record the reading (tune for maximum signal). 

Tr.en connect the FCVti to the disturbed pair (Figure 115) and again record the reading. The far-end equal- 
rr/c- trocotilk loss is the difference cf the t*.;c readings (for that length and frequency). 

9.5 Crosstalk Loss -Correction Factors 

9.51 REA crosstalk loss requirement for cable is 73 db R^^S at I50 kHz for all combinations of adjacent, 
alternate, and center to first layer pairs per 1000 feet. For lengths other than 1000 feet, the 
crosstalk loss requirement (in db) is adjusted by subtracting: 10 leg, ^ length in feet . 

1000 

9*52 In order to find out if certain cable pairs can meet carrier manufacturers' requirements for cross- 
talk loss, the data may be adjusted for length by using the formula in paragraph 9*51* However, it 
should be kept in mind that to check a cable for specification, all adjacent, alternate, and center to first 
layer pair combinations must be measured. 


Example 2. Carrier is to be applied to a cable route* containing mostly new cable of good quality. However, 
two miles of this cable (one repeater section) is 10 years old and the crosstalk la in doubt. The carrier 
^nufacturer states ihai if the crosstalk loss for that section is 73 db per* 1000 feet or better at I50 kHz 
cetweer. pairs, the system v;ill net need cempandors. The compandor costs make it worthwhile to measure the 
crosstalk on that section cf cable. The measured crosstalk at 150 kHz between pairs A and B was 6U db for 
the two miles. Applying the correction in paragraph 9ol> the crosstalk requirement for the two miles is 
73-10 log^Q 10? ^60 a 73-10.2 a 62.8 db . The measured crosstalk loss of 6 k db meets the requirement for 
1000 

that pair combination. 


9*53 Crosstalk loss is generally measured on lengths longer than 1000 feet. The following Table gives the 
correction (in ib) ft-r seme l-'-npchc. LTien applying these corrections to the crosstalk less require- 
ments at ICOO feet, subtract the correction from the requirement. 

Crosstalk Loss Requirement Corrections 


Length 

Correction 

Length 

Correction 

2000 tz. 

3.0 db 

7000 ft. 

8.5 db 

3000 ft. 

4 .8 db 

8000 ft. 

9.0 db 

4000 ft. 

6.0 db 

9000 ft. 

9.6 db 

5000 ft . 

7.0 db 

10000 ft. 

10.0 db 

6000 ft. 

7.8 db 

11000 ft. 

10. U db 


9.5^ Sometimes it is necessary to use crosstalk loss requirements and data measured at I50 kHz to predict 
the crosstalk loss at higher frequencies. For frequencies higher than I50 kHz, correct by subtracting 
20 log kHz . This fomula provides a high degree of accuracy for correcting crosstalk loss measurement t. 

150 

The following Table gives the correction (in db) for frequencies higher than 150 kHz. . 


Crosstalk Loss Corrections Versus Frequency 


Frequency 

200 kHz 
250 kHz 
300 kHz 


Correction 

2.5 db 
U.5 db 
6.0 db 


Frequency 

350 kHz 
i*00 kHz 
k^Q mz 


Correction 
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7.4 db 

8.5 db 

9.6 db 
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AFFZmiX A 

TERMXKOLOGY AS APPLIED TO CASHIER MCITIPXEX MEASUBEMEHTS 


The following definitioas or descriptions of certain terns used in the test of this section are provided as 
infcnoation for the reader who is not familar with this terminology. The definitions relate particularly to 
carrier mulLiplex measurements and are not intended to apply to all uses of the terms. 

loss : This is a term used to describe the similarity between two Ija^edances. A hsdjrid is used 
to compare two In^edances and the difference between the applied signal and the returned signal is 
called return loss. 

2* gcho Return Loss (ERL) ; This is the coa5>o3ite return loss over the echo range when the two wire voice 
frequency impedance of a carrier channel is compared to a standard impedance such as 6OO ohms in series 
with 2 mf. The echo range is considered to be 500 to 2500 Hz. 

3* Singing Pcin‘. (SP) : This is approximately the lowest value of return loss between a standard impedance 
and ’■.he inr/j- impedance ~.t the twc wire voice drop of a carrier channel within a specified frequency 
range. (l)This specified frequency range is generally that of the Intertoll carrier, not the carrier 
cn-innei being measured. (2)Tr-is is a measure of return loss, not to be confused with singing of the 
channel being measured. 

4. The abbreviation for decibels and is used to express the ratio of two voltages, currents or powers. 

5’ abbreviation for decibels above or below one milliwatt. A unit used to express a level of 

power referred to one milliwatt. 

jS£2£* This is a measure of noise power. The noise is weighted by passing it through a special filter 
which simulates characteristics of the 500 type telephone set and the human ear. Zero dbm at 1000 Hz » 
90 dbrnc. This measurement is useful in determining noise criteria aa It affects telephone transmisaion. 

7 f Inband Signaling ; A method of signaling which uses tones within the voice frequency passband of the 
carrier multiplex. 

Out *of -Band Signaling : A method of signaling which uses tones outside of the voice frequency passband 
9f tne carrier multiplex. 

9* Crosstaljc Loss ; This -can be best explained by the use of a simple diagram using a hypothetical example. 

(1) Referring tc the diagram bel-cw, the A1 oscillator sends at a level of zero dbm. 

(2) The B1 voltmeter receives the signal at *10 dbm; 10 db Is the insertion loss of the pair. 

(3) The B2 voltmeter receives the siraal on another pair at -80 dbm due to coupling between the psiraj 
the far end croastalh loss (EEXT) is -10 -(-30) « 70 db. 

(4) The A2 voltmeter receives the signal due to coupling at -72 dbm; the near end crosstalk loss (NEXT) 
is 0 - (-72) « 72 db. 



Note: The oscillator impedance and the voltmeter tezminatlng impedances are near that of the cable or open 
wire characteristic impedance. 
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A. CALIBRATE 



MEASURE; BOTH TERMINALS 900 OHMS 



FIGURE 1 




mk T&m 9^5 


Oscillator 


Netvork 


FIGURE 2 


DRAWING OF TEST HYBRID TERMOIALS 






AMi — ^ 

(im 

n Test 

6 

A I^brid 


Voltmeter 


Line 



A. PlffilJMEMAHr CALIBRATION 



Alternately 
Open and Short 



C. ERL MEASURE 

Note: The Noise Generator (NO) is set foir weighting. The Noise Measuring 
Set (NMS) is set for 600 ohm Noise Metallic, C-Message Weighted. 

'"This Impedance depends on the class of office; 600 ohms for Class 4 and 900 ohms 
'for Class 5- 

FIGURE 3 ■ ■ 

ECHO RETURN LOSS MEASUREMENT ON GARBIER CHANNELS 


fffiA mC 4 925 
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Oscillator (1000 Hz) 


60c ohsis’ 
2 :rfd 




Test 
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Alternately 
Onen and Short 
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>CC obuis 
Yoltiaeter 


A. TESf ffiTMIB LOSS 


600 ohns 


0 

oFTS 

-J 

j 

1 * 
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0 

Ivith bu; 

lit-' 

Voitneter 


{?lote 1) in Filter) (O dbm) 


3* 3PTS CALIBRATS 


,600 ohms 


<=='■ 

n 

Filter 

in 

SPTS 

out^ 

/ 

(1000 Hz) 

(Hote 1) 



(Without 

Filter] 

f 

i Voltmeter 

1 (0 dbm) 


C- ^ SETS CALIBRATE 



lote 1: The oscillator level is zero dbm except for the Alternate Method 
Assuring SP discussed in paragraph 4.57. ~ 

^edance depends on the class of office; 600 ohms for Class k and 
900 ohms for Class 5. 

figure U 

SIMSIIiG POIMT measurements OH CARRTER. (TTTamnrr.C! 
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Carrier Terminals. 



(lote ij TwO“Wire Drop (900Ji- *)- 

A. J.EASURED AT riO-WIFE DROP 


h;^>*LT 


900 ohms* 
2 mfd 



/ 


vf coii^ .Two-Wire Drop (900^^) Two-Wire Drop ( 90 OA*) / 





Carrier 

Termiaai 


Carrier 

Teiminal 


■ 3A type mE (llote l) 

C , SEIZTJPJE OF QOTGOING LOOP DIAL TSRMIMAL£ 



9QD ohDis* 
2 mfd 


Note 1 : Noise Measuring Set (NMS) is set for 900 ohms*, Noise Metallic (itm), 
• C-message weighted, 

*If the office is a toll center (Class 4) or measured at the carrier 
demodulator (Figure 5B), the impedance is 600 ohms. la all other 
cases the impedance should be 900 ohms, 

*-*Coils are set for 1;1 ratio which may be called 600:600 or 900:900 ohms. 


FIGURE 5 

IDLE CHANNEL NOISE MEASUREMENTS ON CARRIER CHANNELS 



HEA TE & CM- 925 



FIGURE 6 

IMPULSE NOISE MEASUREMEMTS OH CARRIER CHAtlWRT.S 











’Osc , 600 : 6OOA 600 : 600^ Voltmeter 


A. CALIBRATE 




•^This may be a repeating coil or other impedance matching device 
(see paragraph 8.17).. . 

FIGURE 3 ■ 

CARRIER FPEQUEICY IliSSRTIOU LOSS ON OPEN WIRE 



Osc. 600 ': 13541* 135 : 600 i 3 » Voltmeter 

A. CALIBRATE 



Cable Pair 


B. MEASUPJE 

FIGURE r 


cf coil^^OCiA. 

IlOTI 

* if /*\/^ ^ moTnkj 


135:600a FSVM 



CARRIER FREQUENCY INSERTION LOSS ON CABLE 
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B, MEASURE 

Note 1; The FSVM input is aet in the 6 OO ohm bridging poaitlon. 


■»The cf coils may he omitted if the oadi^ator halaneed 

output and input terminals and are of the proper iapedanee. 


FIGURE 10 , . 

ffAPPTTO TTBEQtffiNCY CR0S3TAEK LOSS MEAStlBlKEling OR 
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cf coil 


cf coil 




Osc. §00: 13 



disturbing pair 


llCUt 



/ 


UOA 



disturbed pair 



135:600Ji FSVM 

(Note 1) 

110-«. (Note 2) 


A, REFERENCE 


cf coil 

disturbing pair 


Osc. 600:135 


disturbed pair 


B. MEASURE 

Note 1: The FSVM input is set in the 6OO ohm bridging position. For the 
cable crosstalk measurements, the cf coil may be omitted if the 
input can be set in the 135 ohm bridging position. 

Note 2: The proper termination for cable having a mutual capacitance of 

0.083 mfd per mile is no ohms. If this is, not available 135 ohms 
may be used with a high degree of acc\iracy. 

FIGURE n 

CABRTER FREQUENCY CROSSTALK LOSS MEASUREMENTS ON CABLE 
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